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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT international application No. PCT/G BOO/00476 



I. Basis ot the report 

1- With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 7 7)): 
Description, pages: 

1-14 as originally filed 



Claims, No.: 

1 -25 as originally filed 

Drawings, sheets: 

1/8-8/8 as originally filed 



2. With regr rd to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the Internstionat epptication was filed, unless otherwise indicated under this asm. 

These eJements were available or furnished to this Authority in the following language; , which is: 

□ the language of a translation furnished for the purposes of the internationai search (under Rule 23. 1 (b)). 
n the language of publication of the international application (under Rule 4a.3Cb)). 

□ the language of a translation furnished for the purposes of internationai preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

n contained in the International application in written form. 

n filed Together with the international application tn computer readable form. 

n furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

n The statennent that the subsequently furnished written sequence listing does not go beyorc the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the vvritten sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description. pages: 
D the claims. Nos.. 
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□ the drawings, sheets; 

5. □ Thi5 report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)); 

(Any replacement sheet containing such amendments must tie referred to under item 7 and annexed to this 
report.) 

6, Additional observations, if necessary: 



V. Reasonec^ statement under Article 35(2) with regard to novelty, Inventive step or Industrial applicability; 
citiitlons and explanations supporting such statement 

1. Statement 

Novelty (N) Yes. Claims 6,8.17 

No: C/alms 1-5, 7, 9-16. 18-25 

inventive step (IS) Yes: Claims 

No; Claims 1-25 

fndustrl&? applicability (I A) Yes; 0\a\ms 1-25 

No: Claims 



2. Citations and explanations 
see separate sheet 

VIJ. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted; 
see separate sheet 

vni. Certfiin observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the questiun whether the 
claims are fully supported by tht description, are made: 
see separate shfeei 
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The comments relate to iicms I to VIII of the cover sheet, where these have been 
crossed. 



1 Reference is made to the tollowing documents: 

D1: EP-A-0 869 701 
D2: EP-A-0 866 644 
D3. WO 98 10473 A 

2 The present a ^plication does not comply with Article 33(2) PCT because the 
subject- mattei of claims 1-5, 7, 9-16, 18-25 is not new. 

2.1 The subject-matter of claim 1 is fully anticipated by document D1 (cf. Figures 4, 5 
and corresponding text; cf. column 9, line 43 to column 12, line 47), which 
ai3closQs an opto-oelectrical (hereafter OE) device (cf. Figure 5) comphsing an 
anode (2), a cathode (4-6) and an OE active region located therebetween (3), tne 
cathode comprising a first layer (4) comprising a material of a work fun:ition (W, 
hereafter) W<3.5 eV (cf. column 9, line 53 to column 1 1 , line 50); a second layer 
(5) of a material with W<3.5 eV, a different composition from the first layer (cf. 
column 1 1 , line 50 to column 12, line 14) and further from the OE region than the 
first layer; and a third layer (6) of a material having W>3-5 eV (cf. column 12. lines 
T5-57) and further from the OE region than the first layer. 

2.2 The method claim 25 is not new in substance for the same reasons given above 
for claim 1 , in particular since all the layers disclosed in document D1 have been 
deposited (cf. Figures 4, 5 and associated), 

2.3 The additional features of claims 2-5. 7, 9*16, 18-24 (suitable materials for the 
layers, suitable thicknesses and disposition of the layers) are already known from 
D1 (cf. column 4, line 43 to column 12, line 57). 

2.4 A particular example of the OE disclosed in D1 (cf. column 4, line 43 to column 
12, line 57) has: an anode, a conjugated polymeric OE material (cf. columns 4-5), 
a cathode comprising, from the OE layer, a calcium fluoride layer (cf. column 10, 
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lines 8-9). a calcium layer (of. column 12, lin 3) and a Au layer (of. column 12, line 
46). Therefore, this disclosure takes away the novelty of the subject-matter of 
claims 1-5, 7, 9-16, 18-25. 

3 Claims 6, 6 and 17 do not contain any additional feature which, in combination 
with the features to any claim to which they refer, involve an inventive step (Article 
33(3) PCT). 

3.1 C-incerning ciaims 6 and 8, LiF is a well-known and suitable material to be used in 
tfUi structure of D1 (cf. eg. D1, column 2, lines 1-4; D2, page 6, lines 46-53; D3, 
page 7, last paragraph, page 8, first paragraph) and to deposit it on or under the 
'other of the first and second layers" is an obvious design alternative for tine 
skilled person. 

3.2 Concerning claim 17, document D3 already discloses a cathode upper ITO layer 
(cf. page 8, third paragraph). 

4 Nciwithstanding items 2 and 3, above, the present application does not comply 
whh Article 33(3) PCT because the subject-matter of claims 1-25 does not involve 
an inventive step since document D2 (cf. Figure 1 and associated text) discloses 
an OE device comprising an anode, a conjugated polymeric OE material (cf. page 
5, line 45 to page 6, line 2), a cathode comprising, from the OE layer, a f:rst lithium 
fluoride layer (cf. page 6, lines 49-51), a second Ca or Na or Gd layer (cf. page B, 
lines 46-49); differing from it the subject-matter of said claims only in that a third 
layer of Au ITO or Al over the second is explicitly disclosed. However, document 
CI (cf. column 12. lines 15-57) discloses, in a similar cathode structure of an OE 
device, an extra upper layer of Au or Al in order to reduce the sheet resistance. 
Therefore it would be obvious for the skilled person to use the teaching of D1 in 
the structure of D3 and arrive at the structure of said claims. 

5 The following deficiencies should also be noted: 

5.1 Claims 24 and 25 contain a reference to the description and the drawings. Such a 
reference is only allowable when absolutely necessary (Rule 6.2 (a) PCT), which 
is not the present case. Therefore said claims should be deleted. 
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5.2 [."idependent claim 1 is not in the two-part form in accordance with Ru.e 6.3(b) 
POT, which in the present case would be appropriate, with those features known 
i,-' combination from the prior art being placed in a preamble (Rule 6.3(b)(i) PCT) 
ai'.o vvith the remaining features being included in a characterising part (Rule 

c 3(b)v!i) PCT). 

5.3 7 he ff^ . tares of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

5.4 Contrary to the requirements of Rule 5.1 (a) (ii) PCT, the relevant background art 
disclosed in the documents D1-D3 is not mentioned in the description, nor are 
these documents identified therein. 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 




Applicant's or agent's file reference 
101403/PRS 


See Notification of Transmittal of International 
FOR FURTHER ACTION preliminary Examination Report (Form PCT/I PEA/41 6) 


International application No, 
PCT/G BOO/00476 


International filing date (day/month/year) 
1 4/02/2000 


Priority date (clay/month/year) 
1 2/02/1 999 


International Patent Classification (IPC) or national classification and IPC 
HOI L5 1/20 


Applicant 

CAMBRIDGE DISPLAY TECHNOLOGY LTD et al. 



1 . This international preliminary exannination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 
I S Basis of the report 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 



II 


□ 


III 


□ 


IV 


□ 


V 




vt 


□ 


VII 




VIII 





Certain defects in the international application 
Certain observations on the international application 



Date of submission of the demand 
11/09/2000 


Date of completion of this report 
16.05.2001 


Name and mailing address of the international 
preliminary examining authority: 

^ European Patent Office 
^ D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Authorized officer 

Bernabe Prieto, A (1 ^) j) 

Telephone No. +49 89 2399 2224 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/G BOO/00476 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1-14 as originally filed 

Claims, No.: 

1 -25 as originally filed 

Drawings, sheets: 

1/8-8/8 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendnnents had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


6, 8, 17 




No: 


Claims 


1-5, 7, 9 


Inventive step (IS) 


Yes: 


Claims 






No: 


Claims 


1-25 


Industrial applicability (lA) 


Yes: 


Claims 


1-25 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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The comments relat to Items I to VIII of the cover she t, wher th s hav b n 
crossed. 

1 Reference is made to the following documents: 

D1: EP-A-0 869 701 
D2: EP-A-0 866 644 
D3: WO 98 10473 A 

2 The present application does not comply with Article 33(2) PCT because the 
subject-matter of claims 1-5, 7, 9-16, 18-25 is not new. 

2.1 The subject-matter of claim 1 is fully anticipated by document D1 (cf. Figures 4, 5 
and corresponding text; cf. column 9, line 43 to column 12, line 47), which 
discloses an opto-oelectrical (hereafter OE) device (cf. Figure 5) comprising an 
anode (2), a cathode (4-6) and an OE active region located therebetween (3), the 
cathode comprising a first layer (4) comprising a material of a work function (W, 
hereafter) W<3.5 eV (cf. column 9, line 53 to column 11, line 50); a second layer 
(5) of a material with W<3.5 eV, a different composition from the first layer (cf. 
column 1 1 , line 50 to column 12, line 14) and further from the OE region than the 
first layer; and a third layer (6) of a material having W>3.5 eV (cf. column 12, lines 
15-57) and further from the OE region than the first layer. 

2.2 The method claim 25 is not new in substance for the same reasons given above 
for claim 1, in particular since all the layers disclosed in document D1 have been 
deposited (cf. Figures 4, 5 and associated). 

2.3 The additional features of claims 2-5, 7, 9-16, 18-24 (suitable materials for the 
layers, suitable thicknesses and disposition of the layers) are already known from 
D1 (cf. column 4, line 43 to column 12, line 57). 

2.4 A particular example of the OE disclosed in D1 (cf. column 4, line 43 to column 
12, line 57) has: an anode, a conjugated polymeric OE material (cf. columns 4-5), 
a cathode comprising, from the OE layer, a calcium fluoride layer (cf. column 10, 
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lines 8-9), a calcium layer (cf. column 12, lin 3) and a Au layer (cf. column 12, line 
46). Therefore, this disclosure takes away the novelty of the subject-matter of 
claims 1-5, 7. 9-16, 18-25. 

3 Claims 6, 8 and 17 do not contain any additional feature which, in combination 
with the features to any claim to which they refer, involve an inventive step (Article 
33(3) PCX). 

3.1 Concerning claims 6 and 8, LiF is a well-known and suitable material to be used in 
the structure of D1 (cf. eg. D1, column 2, lines 1-4; D2, page 6, lines 46-53; D3, 
page 7, last paragraph, page 8, first paragraph) and to deposit it on or under the 
"other of the first and second layers" is an obvious design alternative for the 
skilled person. 

3.2 Concerning claim 17, document D3 already discloses a cathode upper ITO layer 
(cf. page 8, third paragraph). 

4 Notwithstanding Items 2 and 3, above, the present application does not comply 
with Article 33(3) PCT because the subject-matter of claims 1 -25 does not involve 
an inventive step since document D2 (cf. Figure 1 and associated text) discloses 
an OE device comprising an anode, a conjugated polymeric OE material (cf. page 
5, line 45 to page 6, line 2), a cathode comprising, from the OE layer, a first lithium 
fluoride layer (cf. page 6, lines 49-51), a second Ca or Na or Gd layer (cf. page 6, 
lines 46-49); differing from it the subject-matter of said claims only in that a third 
layer of Au ITO or Al over the second is explicitly disclosed. However, document 
D1 (cf. column 12, lines 15-57) discloses, in a similar cathode structure of an OE 
device, an extra upper layer of Au or Al in order to reduce the sheet resistance. 
Therefore it would be obvious for the skilled person to use the teaching of D1 in 
the structure of D3 and arrive at the structure of said claims. 

5 The following deficiencies should also be noted: 

5.1 Claims 24 and 25 contain a reference to the deschption and the drawings. Such a 
reference is only allowable when absolutely necessary (Rule 6.2 (a) PCT), which 
is not the present case. Therefore said claims should be deleted. 
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5.2 Independent claim 1 is not in the two-part form in accordance with Rule 6.3(b) 
PCT, which in the present case would be appropriate, with those features known 
in combination from the prior art being placed in a preamble (Rule 6.3(b)(i) PCT) 
and with the remaining features being included in a characterising part (Rule 
6.3(b)(ii) PCT). 

5.3 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

5.4 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D1-D3 is not mentioned in the description, nor are 
these documents identified therein. 
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located between the electrodes; the cathode electrode including: a first layer (15) comprising a material having a work function below 3.5 
eV; a second layer (16) of a different composition from the first layer, comprising another material having a work function below 3.5 eV; 
the second layer being further from the opto-electrically active region than the first layer; and a third layer (17) comprising a material 
having a work function above 3.5 eV, the third layer being further from the opto-electrically active region than the first layer. 
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OPTO-ELECTRICAL DEVICES 

This invention relates to opto-electricai devices, for example devices for emitting or 
detecting light 

One specific class of opto-electrical devices is those that use an organic material 
for light emission or detection. Light-emissive organic materials are described in 
PCT/WO90/13148 and US 4,539,507. the contents of both of which are 
incorporated herein by reference. The basic structure of these devices is a light- 
emissive organic layer, for instance a film of a poly(p-phenylenevinylene ("PPV), 
sandwiched between two electrodes. One of the electrodes (the cathode) injects 
negative charge carriers (electrons) and the other electrode (the anode) injects 
positive charge carriers (holes). The electrons and holes combine in the organic 
layer generating photons. In PCT/WO90/13148 the organic light-emissive material 
is a polymer. In US 4,539,507 the organic light-emissive material is of the class 
known as small molecule materials, such as (8-hydroxyquinoline)aluminium 
("Alq3"). In a practical device one of the electrodes is typically transparent, to 
allow the photons to escape the device. 

Figure 1 shows a typical cross-sectional structure of such an organic light- 
emissive device ("OLED"). The OLED is typically fabricated on a glass or plastic 
substrate 1 coated with a transparent material such as indium-tin-oxide ("ITO") to 
form an anode 2. Such coated substrates are commercially available. The ITO- 
coated substrate is covered with at least a thin film of an electroluminescent 
organic material 3 and a final cathode layer 4, which is typically a metal or alloy. 

Some particularly attractive applications of such devices are as displays in battery- 
powered units such as portable computers and mobile phones. Therefore, to 
extend the battery life of such units, there is a particularly strong need to increase 
the efficiency of the light-emissive devices. One route to improving efficiency is by 
careful choice and design of the light-emissive material itself. Anoth r is by 
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optimising the physical layout of the display. A third is by improving the conditions 
for charge injection into and charge recombination in the emissive layer. 

To improve the conditions for charge injection into and charge recombination in 
the emissive layer it is known to include a charge transport layer of an organic 
material such as polystyrene sulphonic acid doped polyethylene dioxythiophene 
("PEDOT-PSS") between one or both of the electrodes and the emissive layer. A 
suitably chosen charge transport layer can enhance charge injection into the 
emissive layer and resist reverse flow of charge earners, which favours charge 
recombination. It is also known to form the electrodes from materials having work 
functions that aid the desired flow of charge carriers. For example, a low work 
function material such as calcium or lithium is preferred as the cathode. 
PCTAA/O97/08919 discloses a cathode formed of a magnesium:lithium alloy. 

According to one aspect of the present invention there is provided an opto- 
electrical device comprising: an anode electrode; a cathode electrode; and an 
opto-electricaNy active region located between the electrodes; the cathode 
electrode including: a first layer comprising a material having a work function 
below 3.5 eV; a second layer of a different composition from the first layer, 
comprising another material having a work function below 3.5 eV, the second layer 
being further from the opto-electrically active region than the first layer; and a third 
layer comprising a material having a work function above 3.5 eV, the third layer 
being further from the opto-etectricaiiy active region than the first layer.. 

According to a second aspect of the present invention there is provided a method 
for forming an opto-electrical device, the method comprising: depositing an anode 
electrode; depositing over the anode electrode a region of an opto-electrically 
active material; depositing over the region of opto-electrically active material a 
material having a work function below 3.5 eV to form a first cathode layer; 
depositing over the first cathode layer another material having a work function 
below 3.5 eV to form a second cathode layer of a different composition from the 
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first cathode layer; and depositing over the second cathode layer a material having 
a work function above 3.5 eV to form a third cathode layer. 

The first layer may be adjacent to the opto-electrically active region or there may 
be one or more other layers (preferably electrically conductive layers) between the 
first layer and the opto-electrically active region. The opto-electhcally active region 
is suitably in the form of a layer, preferably a layer of an opto-electrically active 
material. The opto-electrically active region is suitably active to emit light or to 
generate an electrical field in response to incident light. The device is preferably 
an electroluminescent device. 

The thickness of the first layer is suitably less than 50 A, optionally less than 30 A, 
or less than 25 A or 20 A. The thickness of the first layer could be less than 15 A 
or 10 A. The thickness of the first layer may be in the range from 5 A to 20 A, 
possibly around 15 A. More generally, it is preferred that the thickness of the first 
layer is in the range from 10 A to 140 A. The first layer is preferably, but not 
necessarily thinner than the second layer. 

The thickness of the second layer is suitably less than 1000 A, and preferably less 
than 500 A. The thickness of the second layer is suitably more than 40 A or 
100 A, and optionally more than 150 A or 200 A. The thickness of the second 
layer is preferably in the range from 40 A to 500 A. 

The said material having a work function below 3.5 eV of which the first layer is 
comprised ("the first low work function material") preferably has a higher work 
function than the said material having a work function below 3.5 eV of which the 
second layer is comprised ("the second low work function material"), or could 
alternatively have a tower work function than it. The work functions of the 
materials as referred to herein are preferably their effective work functions in the 
device, which may be different from their bulk work functions. Thus the first low 
work function material preferably has an effective work function in the device of 
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less than 3.5eV and/or the second low work function material preferably has an 
effective work function in the device of less than 3.5 eV. 

One of the first and second low work function materials is preferably a compound 
or complex of a group 1, group 2 or transition metal. That material is preferably a 
compound - for example a halide (e.g. a fluoride), oxide, carbide or nitride). That 
materia! is preferably a compound of a metal such as Mg, Li, Cs or Y. 

The second low work function material may be a metal selected from the following 
list: Li. Ba, Mg, Ca, Ce, Cs, Eu, Rb. K. Sm, Y, Na, Sm, Sr, Tb or Yb; or an alloy of 
two or more of such metals; or an aitoy of one or more of such metals together 
with another metal such as Al, Zr. Si, Sb, Sn, Zn. Mn. Ti, Cu, Co, W, Pb, In or Ag. 

The first and second low work function materials are preferably different materials. 
In one preferred embodiment the first low work function material is calcium and the 
second low work function material is lithium fluoride, (n another preferred 
embodiment the second low work function material is calcium and the first low 
work function material is lithium fluoride 

The first low work function material suitably has a (effective) work function less 
than 3.4 eV, or less than 3.3 eV or less than 3.2 eV, or less than 3.2 eV or less 
than 3.1 eV or less than 3.0 eV. The second low work function material suitably 
has a (effective) work function less than 3.4 eV, or less than 3.3 eV or less than 
3.2 eV, or less than 3.2 eV or less than 3. 1 eV or less than 3.0 eV. 

The first low work function material preferably does not cause significant 
degradation of the material of the active region when the two are in contact. The 
second low work function material may be a material that is capable of causing 
degradation of the material of the active region when the two are in contact. The 
first low work function material may, when in contact with the matehal of the active 
region, form an intermediate state between those of the material of the active 
region and those of the second layer. 
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The work function of the material of the third layer is preferably greater than 
4.0 eV. The higher work function nnaterial is suitably a metal or an oxide. The 
higher work function material and/or the third layer itself preferably has an 
electrical conductivity greater than 10^ {^.cmy\ The higher work function material 
is preferably Al, Cu, Ag, Au or Pt; or an alloy of two or more of those metais; or an 
alloy of one or more of those metais together with another metal; or an oxide such 
as tin oxide or indium-tin oxide (ITO). The thickness of the third layer is preferably 
in the range from 1000 A to 10000 A. preferably in the range from 2000 A to 
6000 A, and most preferably around 4000 A. 

Suitably more than 50%, more than 80%, more than 90% or more then 95% of the 
first layer consists of the first low work function material. Preferably the first layer 
substantially wholly comprises the first low work function material. Most preferably 
the first layer consists of the first low work function material together with any 
impurities. Suitably more than 50%, more than 80%, more than 90% or more then 
95% of the second layer consists of the second low work function material. 
Preferably the second layer substantially wholly comprises the second low work 
function material. Most preferably the second layer consists of the second tow 
work function material together with any impurities. Suitably more than 50%, more 
than 80%, more than 90% or more then 95% of the third layer consists of the 
higher work function material. The third layer preferably substantially wholly 
comprises the higher work function material. Most preferably the third layer 
consists of the higher work function material together with any impurities. 

The second layer is preferably adjacent to the first layer. The third layer is 
preferably adjacent to the second layer. Alternatively, the cathode may comprise 
further layers located between the first, second and/or third layers. The cathode is 
preferably inorganic, most preferably metallic. 
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One of the electrodes is preferably light-transmissive, and most preferably 
transparent. This is preferably but not necessarily the anode electrode, which 
could be formed of tin oxide (TO), indium-tin oxide (ITO) or gold. 

The opto-electrically active region may be light-emissive or (suitably on the 
application of a suitable electric field across it) or may be light-sensitive (suitably 
generating an electric field in response to incident light). The opto-electrically 
active region suitably comprises a light-emissive material or a light-sensitive 
material. Such a light-emissive matehal is suitably an organic material and 
preferably a polymer material. The light-emissive material is preferably a 
semiconductive and/or conjugated polymer material. Alternatively the light- 
emissive material could be of other types, for example sublimed small molecule 
films or inorganic light-emissive material. The or each organic light-emissive 
material may comprise one or more individual organic materials, suitably 
polymers, preferably fully or partially conjugated polymers. Example materials 
include one or more of the following in any combination: poly(p- 
phenylenevinylene) ("PPV"), poly(2-methoxy-5(2'-ethyl)hexyioxyphenylene- 
vinylene) ("MEH-PPV"), one or more PPV-derivatives (e.g. di-alkoxy or di-alkyi 
derivatives), polyfiuorenes and/or co-polymers incorporating polyfluorene 
segments, PPVs and related co-polymers, poly(2,7-(9,9-di-n-octylfluorene)-(1,4- 
phenylene-((4-secbutylphenyl)imino)-1,4-phenylene)) ("TFB"), poly(2,7-(9,9-di-n- 
octyifluorene) - (1 ,4-phenylene-((4-methylphenyl)imino)-1 ,4-phenylene-((4 
methylphenyl)imino) - 1 ,4-phenylene)) ("PFM"). poly(2,7 - (9,9 - di-n-octylfluorene) 
(1 ,4-phenylene-((4-methoxyphenyl)imino)-1 ,4-phenylene- ((4- 
methoxyphenyl)imino)-1 ,4-phenylene)) ("PFMO"), poly (2,7-(9,9-di-n-octylfluorene) 
("FS") or (2,7-(9,9-di-n-octylfluorene)-3,6-Benzothiadiazoie) ("F8BT"). Alternative 
materials include small molecule materials such as Alq3. 

There may be one or more other layers in the device. There may be one or more 
charge transport layers (preferably of more or more organic materials) between 
the active region and one or other of the electrodes. The or each charge transport 
layer may suitably comprise one or more polymers such as polystyrene sulphonic 
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acid doped polyethylene dioxythiophene ("PEDOT-PSS"), poiy(2,7-(9.9-di-n- 
octyinuorene)-(1 ,4-phenylene-(4-imino(ben2oic acid))-1 ,4-phenyiene-(4- 

imino(benzoic acid))-1,4-phenylene)) ("BFA"), polyaniline and PPV. 

The present invention will now be described by way of example with reference to 
the accompanying drawings, in which; 

figure 2 is a cross-section of a light-emissive device; 

figures 3 to 4 show data on the performance of several light-emissive 
devices; and 

figures 5 and 6 show expenmental data for a set of devices having 
cathodes of different compositions; 

figure 7 shows expenmental data for a set of devices having cathodes of 
different configurations; and 

figures 8 and 9 show experimental data for devices having cathode layers 
of different thicknesses. 

The illustrated thicknesses of the layers in figure 2 are not to scale. 

The device of figure 2 comprises an anode electrode 10 and a cathode electrode 
11. Located between the electrode layers is an active layer 12 of light-emissive 
material. A charge transport layer 13 of PEDOT;PSS is located between the 
anode electrode 10 and the light-emissive layer 12. The device is formed on a 
glass substrate 14. 

The metallic cathode 1 1 comprises three layers. Next to the emissive layer 1 2 is a 
first layer 15, of calcium. Over that is a second layer 16, of lithium. Over that is a 
third layer 17, of aluminium. As will be described below, this structure has been 
found to provide a significant increase in device efficiency. 

To form the device of figure 2 a transparent layer of ITO to form the anode 
electrode 10 may first be deposited on a sheet of glass 14. The glass sheet could 
be a sheet of sodalime or borosilicate glass of a thickness of, for instance, 1mm. 
The thickness of the ITO coating Is suitably around 100 to 150nm and the ITO 
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suitably has a sheet resistance of between 10 and 30 ^/0. ITO-coated glass 
substrates of this type are commercially available. As an alternative to glass, the 
sheet 14 could be formed of perspex. As an alternative to ITO, gold or TO could 
be used as the anode. 

Over the ITO anode is deposited a hole transport or injecting layer 13. The hole 
transport layer is formed from a solution containing PEDOT:PSS with a ratio of 
PEDOT to PSS of around 1 to 5.5. The thickness of the hole transport layer is 
suitably around 500 A. The hole transport layer is spin-coated from solution and 
then baked at around 200''C for 1 hour in a nitrogen environment. 

Then the electroluminescent layer 15 is deposited. In this example, the 
electroluminescent layer is formed of 20% TFB in 5BTF8. The term 5BTF8 refers 
to poly (2,7-(9,9-di-n-octylfluorene) ("F8") doped with 5% po(y-(2,7-(9,9-di-n- 
octylfluorene)-3,6-benzothiadiazoie) ("F8BT"). the term TFB refers to poly(2,7- 
(9,9-di-n-octylfluorene)-(1,4-phenylene-((4-secbutylphenyl)lmino)-1 ,4-phenylene)). 
This mixture is coated over the hole transport layer by spin-coating typically to a 
thickness of around 750 A. Other materials such as PPV could be used for the 
emissive layer. The emissive layer could be formed by other routes such as blade 
or meniscus coating and could be deposited in precursor form if desired. 

The cathode is then deposited. The three distinct layers of the cathode are 
deposited by successive thermal evaporation steps in vacuo at a base pressure of 
less than 10"^ mbar. Preferably the vacuum is not broken between the successive 
steps, to reduce the possibility of contamination of the interfaces between the 
layers. One alternative to thermal evaporation is sputtering, but this is less 
preferred for at least the deposition of the layer 15 adjacent to the emissive layer 
since it may cause damage to the emissive layer 12. In the first thermal 
evaporation step the layer 15 is deposited. The layer 15 is of calcium and has a 
thickness of approximately 5 to 25 A, preferably around 15 A. In the second 
thermal evaporation step the layer 16 is deposited. The layer 16 is of lithium and 
has a thickness of around 100 to 500 A. In the third thermal evaporation step the 
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layer 17 is deposited. The layer 17 is of aluminium and has a thickness of around 
4000 A. 

Finally, contacts are attached to the layers 10 and 17 and, although the aluminium 
layer 16 may act to some extent as an encapsulant, the device is preferably 
sealed in epoxy resin for environmental protection. 

In use, when a suitable voltage is applied between the anode and the cathode the 
light-emissive layer is stimulated to emit light. This passes to a viewer through the 
transparent anode and the glass cover sheet. 

The applicant has found that a device of this type has significantly increased 
efficiency. Figures 3 to 4 show data for the performance of devices of a similar 
device to that of figure 2 (devices E to H) and two comparative device designs 
(devices A to D and devices J to P). 

The common structures of the devices were as follows: 

• Substrate: glass 

• Anode: ITO 

• Charge transport layer: 1:5.5 PEDOT:PSS; thickness 500 A 

• Emissive layer: 4:1 5BTF8:TFB; thickness 750 A 

The cathodes of the devices were as follows: 
Devices A to D: 

• calcium layer of thickness 500 A adjacent to emissive layer; and 

• capping layer of aluminium of thickness 4000 A. 
Devices E to H: 

• lithium layer of thickness 500 A adjacent to emissive layer; then 

• calcium layer of thickness 1000 A; and 

• capping layer of aluminium of thickness 4000 A. 
Devices J to P: 

• lithium layer of thickness 25 A adjacent to emissive layer; and 
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• capping layer of aluminium of thickness 4000 A. 
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Figure 3 shows the peak measured efficiencies of the devices in LmAA/ and Cd/A. 
Figure 4 shows the drive voltages for the devices at brightnesses of 0.01, 100 and 
1000 Cd/m^. Figure 3 shows that the peak efficiency of devices E to H is markedly 
greater than those of the other devices. Figure 4 shows that devices E to H do not 
suffer any significant increase in drive voltage, and have significantly lower drive 
voltages than devices J to P. 

Figures 5 to 9 show data for further similar devices. Figure 5 shows experimentai 
data for devices comprising an ITO anode, an 80nm layer of PEDOT;PSS, a 63nm 
layer of a blue emissive material (spin-coated in a glovebox) and a cathode formed 
of a first layer next to the emissive layer of a composition as indicated against the 
respective plot, a second 10nm layer of Ca and a final layer of Al. Figure 6 shows 
experimental data for devices comprising an ITO anode, an 80nm layer of 
PEDOT:PSS. a 70nm layer of a green emissive materia! (F8:TFB;F8BT spin- 
coated in a glovebox) and a cathode formed of a first layer next to the emissive 
layer of a composition as indicated against the respective plot, a second 10nm 
layer of Ca and a final layer of Al. The experimental data are: 
electroluminescence spectra, luminous efficiency against voltage, current density 
against voltage, brightness against voltage and brightness against time. The 
efficiency data are summarised as follows: 



Matenal of first 
cathode layer 


Blue: 

maximum LmAA/ 


Green: 

maximum LmAA/ 


MgF2 


0.30 


8.5 


Mgl2 


0.01 


0.12 


LIF 


2.0 


15 


LiCI 


0.18 


10 


LiBr 


0,05 


12 


Lil 


0.35 


13 


CsCI 


0.60 


0.9 
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CsBr 


0.75 


4.5 


Csi 


0.80 


8.0 


YF 


1.25 


14 


CaAl 


0,73 


16 



The EL spectra of the blue emitters were only slightly dependant on the cathode 
materials used, those with higher current densities showing the typical aggregate 
feature. Green spectra were relatively independent of the cathode materials used. 
The device performance appeared to be principally dependant on the metal 
constituent of the first cathode layer. The Mg-based devices had the worst 
performance for both emissive polymers, with relatively lo efficiencies and 
currents. Cs-based devices had intermediate performance. LiF gave the highest 
performing devices. Other Li halides had relatively poor performance for blue 
emission and variable efficiency for green. 

Figure 7 shows efficiency data for similar devices having ITO anodes, a 
PEDOT:PSS layer, an emissive layer capable of emitting blue, green or red light 
(as Indicated on the respective plot) and electrodes of: 

(a) a Ca layer adjacent to the emitter and an upper layer of Al; 

(b) a LiF layer (6nm thick) adjacent to the emitter, then a layer of Ca (lOnm 
thick) and an upper layer of Al; 

(c) a Ca layer (5nm thick) adjacent to the emitter, then a layer of LiF (Bnm 
thick) and an upper layer of Al. 

Figure 8 shows efficiency data as a plot of maximum Lm/W for similar blue, green 
and red devices having a range of thicknesses for the LiF layer in the Ca/LiF/AI 
configuration. Figure 9 shows efficiency data as a plot of maximum LmAA/ for 
devices having a range of thicknesses for the LiF layer in the LiF/Ca/AI 
configuration. 

The applicant has also obtained advantageous results by replacing the Ca layer in 
such devices with a similar layer of Yb or Ba. Other materials such as Sm, Y and 
Mg would be expected to yield similar results. 
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Most of the above devices include in their cathodes a layer of a group 1 or group 2 
metal halide, such as LiF. Other group 1 and 2 metal compounds and complexes, 
such as LiO have been investigated by the applicant and found to give 
advantageous results. Transition metal halides, compounds and complexes, such 
as YF (see above) may also give advantageous results. Organic complexes of 
group 1 , group 2 or transition metais may also give advantageous results. These 
materials Include materials that may potentially operate by providing a barrier 
effect (e.g. LiO) or by another effect due to their low effective work function in this 
situation (e.g. LiF). 

It is believed that, when the layer 15 of the cathode that is adjacent to the emissive 
layer 12 is sufficiently thin that the properties of the overlying cathode layer 16 can 
influence charge injection from the cathode into the emissive layer, there is an 
opportunity to select materials for the layers 15 and 16 such that by a combination 
of their properties the performance of the device can be enhanced. Possible 
mechanisms for this enhancement are believed to include; (a) prevention by the 
layer 15 of adverse interactions between organic iayer(s) of the device (e.g. layer 
15) and the material of the layer 16, whilst retaining at least some of the injection 
properties of the material of the layer 16; and (b) the formation by the layer 15 
(e.g. with organic layer(s) such as layer 15) of intermediate states that aid electron 
injection from the layer 16. The layer 15 should be sufficiently thin to allow the 
effect to occur but sufficiently thick that it can be deposited reproducibiy and 
uniformly (without excessive defects). To exploit possible mechanism (a) the layer 
16 could be formed from a material that Is more reactive than that of layer 15, but 
has a lower work function. It should also be noted that highly advantageous 
perfonmance is also obtained when a layer of a suitable material (e.g. LiF) is 
spaced slightly from the emissive material, as in the Ca/LIF/AI devices of figures 7 
and 8. In general, possible mechanisms Include surface induced dipoles, modified 
work functions, charge transfer formation of chemically stable compounds and 
dissociation of the compound layer of the cathode to form a doped injection layer. 
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It should be noted that in assessing expehmentaiiy devices of the types described 
above the upper layer of the cathode (e.g. of Al) provides important protective 
effects. Instead of Al other suitable materials include Ag or ITO, which have the 
advantages of being able to provide a transparent layer whereby the whole 
cathode may be transparent or at least translucent. This is advantageous for 
devices that are intended to emit through the cathode. 

A device of the type described above may form a pixel of a multi-pixel display 
device. 

The devices described above may be varied in many ways within the scope of the 
present invention. For example, the capping layer 17 could be omitted; the layers 
could be formed of different materials; additional layers could be present, in the 
cathode or elsewhere in the device; or one or more additional charge transport 
layers could be provided between the light-emissive layer and either or both of the 
electrodes to assist charge transport between the respective electrode and the 
light-emissive layer and/or to resist charge transport in the opposite direction. The 
emissive material could be of the class of sublimed molecular films, as described 
for example in "Organic Electroluminescent Diodes", C. W. Tang and S. A. 
VanSlyke, Appl. Phys. Lett. 51, 913-915 (1987). The locations of the electrodes 
could be reversed so that the cathode is located at the front of the display (closest 
to the viewer) and the anode is at the back. 

The same principles may be applied to devices for the detection rather than the 
generation of light By replacing (if necessary) the light-emissive material with a 
material that is capable of generating an electrical field in response to light the 
improved characteristics of the improved electrodes as described above may be 
used to enhance detection voltages and/or efficiency. 

The applicant draws attention to the fact that the present invention may include 
any inventive feature or combination of features disclosed herein either implicitly or 
explicitly or any generalisation thereof, without limitation to the scope of any of the 
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present claims. In view of the foregoing description it will be evident to a person 
skilled in the art that various modifications may be made within the scope of the 
invention. 
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CLAIMS 

1. An opto-etectrical device comprising: 

an anode electrode; 

a cathode electrode; and 

an opto-eiectrically active region located between the electrodes; 
the cathode electrode including: 

a first layer connprising a material having a work function below 3.5 eV; 

a second layer of a different composition from the first layer, comprising 
another material having a work function below 3.5 eV, the second layer being 
further from the opto-electrically active region than the first layer; and 

a third layer comprising a materia! having a work function above 3.5 eV, 
the third layer being further from the opto-electricaily active region than the first 
layer. 

2. An opto-electricai device as claimed in claim 1, wherein one of the first and 
second layers comprises a compound of a group 1 or group 2 or transition metal. 

3. An opto-electrical device as claimed in claim 2, wherein the compound is a 
halide. 

4. An opto-eiectrical device as claimed in any preceding claim, wherein the 
compound is a fluoride. 

5. An opti-electrical device as claimed in any of claims 2 to 4, wherein the metal is 
a group 1 or 2 metal. 

6. An opto-electrical device as claimed in claim 5, wherein the metal is lithium. 

7. An opto-electricai device as claimed in any of claims 2 to 6, wherein the said 
one of the layers is the first layer. 
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8. An opto-electrical device as claimed in any of claims 2 to 6, wherein the said 
one of the layers is the second layer. 

9. An opto-electrical device as claimed in any of claims 2 to 8. wherein the other 
of the first and second layers comprises a metai. 

10. An opto-electrical device as claimed In claim 9, wherein the other of the first 
and second layers comprises a metal selected from the group compnsing: Li, Ba, 
Mg, Ca, Ce, Cs. Eu. Rb, K. Y, Sm, Na. Sm, Sr, Tb or Yb. 

11. An opto-electricai device as claimed in any preceding claim, wherein the 
second layer is thicker than the first layer. 

12. An opto-electrical device as claimed in any preceding claim, wherein the 
thickness of the second layer Is greater than 100 A. 

13. An opto-electrical device as claimed in any preceding claim, wherein the said 
material having a work function below 3.5 eV of which the first layer is comprised 
has a higher work function than the said material having a work function below 
3.5 eV of which the second layer is comprised. 

14. An opto-electrical device as claimed in any preceding claim, wherein the 
thickness of the third layer is greater than 1000 A. 

15. An opto-electrical device as claimed in any preceding claim, wherein the said 
material having a work function above 3.5eV has an electrical conductivity greater 
than 10^ (^cm)■^ 

16. An opto-electrical device as claimed In any preceding claim, wherein the said 
material having a work function above 3.5eV is aluminium, gold or indium-tin oxide 
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17. An opto-electricai device as claimed in any preceding claim, wherein the 
cathode is transparent. 

18. An opto-electrical device as claimed in any preceding claim, wherein the opto- 
electrically active region is light-emissive. 

19. An opto-electrical device as claimed in any preceding claim, wherein the opto- 
electrically active region comprises a light-emissive organic material. 

20. An opto-electrical device as claimed in claim 19, wherein the light-emissive 
organic material is a polymer matenal. 

21. An opto-electrical device as claimed in claim 20, wherein the light-emissive 
organic material is a conjugated polymer material. 

22. An opto-electrtcai device as claimed in any of claims 19 to 21, comprising a 
charge transport layer between the light-emissive organic material and one of the 
electrodes. 

23. A method for forming an opto-electrical device, the method comprising: 

depositing an anode electrode; 

depositing over the anode electrode a region of an opto-eiectrically active 
material; 

depositing over the region of opto-electrically active material a material 
having a work function below 3.5 eV to form a first cathode layer; 

depositing over the first cathode layer another material having a work 
function below 3.5 eV to form a second cathode layer of a different composition 
from the first cathode layer; and 

depositing over the second cathode layer a material having a work function 
above 3.5 eV to form a third cathode layer. 
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24. An opto-electrical device substantially as herein described with reference to 
figures 2 to 9 of the accompanying drawings. 

25- A nnethod for forming an opto-eiectrical device substantially as herein 
described with reference to figures 2 to 9 of the accompanying drawings. 
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